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The suggestion that the granular  and thread-like bodies, which  are 
called mitochondria  and  are known to occui in almost all active cells 
from protozoa to man and  from fungi  to  angiosperms,  are in  reality 
symbiotic  microorganisms,  would,  if  verified,  exercise  a  profound 
influence  in  biology  and  medicine.  Yet  it  has been  repeatedly  ad- 
vanced in the literature. 
First in  1890, Altmann  ~ published a  detailed account of his researches made 
with the help of a new method of fixation in a mixture of equal parts of 5 per cent 
potassium bichromate and 2 per cent os/nic acid, staining in aniline fuchsin and 
differentiating in picric acid.  By this technique  the  existence  of mitochondria 
(and other granulations) was revealed in many different kinds of cells.  To desig- 
nate  them he introduced the  term bioblasts, indicating his belief that  they are 
elementary  microorganisms responsible  for  vital  phenomena,  embedded  in  a 
lifeless ground substance;  but  since  he presented no more convincing evidence 
than a certain resemblance in form between the granules and bacteria, his some- 
what  invoIved theoretical  considerations were not  well received.  They came, 
moreover, at a  time when  attention  was directed  toward  the  nucleus  through 
studies in heredity, and the tremendous impetus of Fischer's  ~ studies on the syn- 
thesis of the protein molecule lent encouragement to the view that vital phenomena 
might soon receive their explanation in  terms of physics and  chemistry.  It is 
not surprising,  therefore,  that Altmann's really valuable objective findings  were 
forgotten and investigations along this line received a decided setback. 
Again in  1918 Pottier  3 published detailed investigations purporting  to  show 
that  mitochondria  are  symbiotic microorganisms,  for  which  he  proposed  the 
term symbiotes.  His contention  was based upon  a  very careful review of  the 
1  Altmann, R., Die Elementarorganismen und ihre Beziehungen zu den Zellen, 
Leipsic,  1890. 
2 Fischer, A., Fixirung, Fttrbung und Bau des Protoplasmas, Jena, 1899. 
8 Pottier,  P., Les symbiotes, Paris,  1918. 
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literature, but his comparison between mitochondria and  bacteria is lacking in 
directness.  For details on the mitochondrial side he has relied upon information 
given by others.  He has not compared the morphology and staining reactions of 
mitochondria and bacteria occurring side by side within the same piece of tissue. 
His view has been supported by his colleague Bierry  ~ and very severely criticized 
on general grounds by Regaud,  s  Guilliermond,  6 and  Laguesse,  7 who,  however, 
did not subject the problem to the test of a direct comparison. 
More recently Wallin,  8 in 1922, has published observations upon the staining 
of bacteria with mitochondrial methods and upon  the reactions of bacteria to 
chemical treatment which have led him independently to advance an hypothesis, 
like that of Portier, according to which all mitochondria are symbiotic bacteria. 
His is the first attempt to make a detailed microchemical study, but, like Portier,  3 
the  comparison which  he  institutes is indirect, for,  obviously, the application 
of  mitochondrial  methods  to  bacteria  means  but  little  unless they are at the 
same time applied to mitochondria.  From his account as it stands, it would be 
possible to make out a  fairly strong case against the validity of his contention. 
For example, he notes the fact that alcohol is given as a solvent for mitochondria;  9 
he also records the observation that human tubercle bacilli are not destroyed by 
immersion for 5 hours in 95 per cent alcohol;  t° yet he emphasizes a similarity in 
reaction between mitochondria and bacteria,  tt  The variable resistance of bacteria 
to the ingredients of mitochondrial fixatives, which he has used separately and in 
such dilution as to produce extensive ionization, indicates further dissimilarity. 
One would hardly expect any traces of mitochondria to remain (as he finds the 
bacteria do) after treatment for 6 hours with 0.5  per cent acetic acid, with 1 per 
cent formalin, or with 0.5  per cent potassium bichromate. 
Although  the evidence presented by Altmann,  1 Portier,  3 and  Wallin  8 is not 
convincing, certain inquiries which we have received indicate that the discussion 
provoked may easily lead investigators~from the main problem, which is, we take 
it, the elaboration of new methods for the determination of the chemical constitu- 
t.ion of mitochondria as a prerequisite to the study of their rble in cellular physi- 
ology and pathology.  Particularly is this true since the problem lies, as it were, 
between the sciences of cytology and bacteriology, so that but few investigators 
can be familiar with both sides of the question.  In physiology the cell has come 
to be considered as a vital unit in which it is not profitable to attempt to distin- 
4 Bierry, H., Compt. rend. Soc. blol., 1919, lxxxii, 131,312. 
s Regaud, C., Compt. rend. Soc. biol., 1919, lxxxii, 244. 
6 Guilliermond, A., Compt. rend. Soc. biol., 1919, lxxxii, 309. 
7 Laguesse, E., Compt. rend. Soc. biol., 1919, lxxxii, 337. 
s Wallin, I. E., Am. J. Anat., 1922, xxx, 203. 
9 Wallin,S p.  204. 
to Wallin,  S p.  213. 
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guish between living and non-living constituents, as t!opkins  L" clearly stated in 
1913.  To admit, in terms of the evidence presented, that practically all cells 
contain  elements endowed  with  independent vitality would  force  a  complete 
readjustment in our ideas of the organization of living matter and in the applica- 
tion to it of the laws of physics and chemistry.  In pathology these views, if veri- 
fied, would  have a  distinct bearing upon our conception of the significance of 
Rickettsia bodies in typhus fever, trench fever, and other conditions  and would 
leave us in some doubt regarding  the criteria to be employed in the identification 
of microorganisms  the nature of which remains obscure. 
Thus far the only reaction claimed  to be specific for mitochondria is that of 
coloration  with  Janus  green  B  (diethylsafranineazodimethylaniline  chloride). 
Wallin ~ obtained a coloration of bacteria when this stain was employed in a con- 
centration of 1:10,000 in physiological saline solution  and uses this observation 
as a basis for his contention of a similarity between mitochondrla and bacteria. 
But the comparison which he has made is not direct because he apparently relied 
solely upon accounts given in the literature for knowledge  of the behavior of 
mitochondria under similar  conditions.  Moreover, we feel that  the dye should 
be employed in greater dilution to bring out its specificity,  as the experiments 
which follow will show. 
EXPERIMENTAL. 
We  have  accordingly attempted  to  make  a  direct  comparison  of 
the Janus  green reactions  of mitochondria in living lyrnphocytes and 
of  bacteria  undcr  exactly the  same  conditions.  Lymphocytes were 
chosen because, unlike fixed tissue cells,  they may be brought under 
the microscope with very little mechanical manipulation  and studied 
with ease in the living condition.  Their reactions to Janus green have 
also  been standardized.  ]3acillus  proteus,  Streptococcus  hcemolyticus, 
pneumococcus,  Bacillus megatherium,  ,Bacterium  pneumosintes, t8  and 
Bacillus tuberculosis  (human)  were selected as widely representative. 
They afford examples of microorganisms which are filterable and non- 
filterable,  Gram-positive  and  Gram-negative,  acid-resistant  and 
-non-resistant, aerobic and anaerobic, sporu]afing and non-sporulating, 
branching  and  non-branching, capsulated and non-capsulated, patho- 
genic  (for  man  and  laboratory  animals)  and  non-pathogenic,  and 
which differ fn morphology,  so  that  their  study may  be expected to 
yield a comprehensive answer. 
t~ Hopkins, F.  G.,  Nature, 1913-14, xcii, 213. 
18 Olltsky, P. K., and Gates, F. L., J. Exp. Med., 1921, xxxiii, 713. 524  MITOCHONDRIA AND  BACTERIA 
In each case a  very small amount of blood from the ear of a  rabbit 
was placed on a  slide; to this was added, with a  pipette, a  small drop 
of bacterial emulsion and  a  solution of Janus green B  of known con- 
centration  in  0.85  per  cent  saline  solution.  The  pressure  of  the 
TABLE  I. 
Comparison of the A~ity  ",dth Which Mitochondria in Living Cells and Bacteria 
Take  up  Janus  Green  B. 
Strepto-  B. mega-  Pneumo-  Bacterium 
Concentration  Mito-  B. proteus,  coccus  pneumo- 
of Janus green,  chondria,  k~emoly-  therium,  coccus,  sintes. 
ticus. 
1:1,000 
1:2,000 
1:3,000 
1:4,000 
1:5,000 
1:6,000 
1:7,000 
1:8,000 
1:9,000 
1:10,000 
1:20,000 
1:30,000 
1:40,000 
1:50,000 
1:60,000 
1:70,000 
1:80,000 
1:90,000 
1:100,000 
1:200,000 
1:300,000 
1:400,000 
1:500,000 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-  + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-  + 
+ 
+ 
B. tuber- 
culosis. 
+ 
The method employed was first to test the reaction of B. megatlterium to the 
various concentrations of the dye.  Having determined that a  concentration of 
1:10,000  failed to stain this microorganism, we then started at this dilution with 
the other bacteria, continuing until a  negative reaction was reached. 
cover-glass  brought  about  a  sufficient  mixture  of  fluids.  By  this 
method the reactions of living organisms and of mitochondria within 
living cells may easily be compared side by side  and under identical 
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It  was  soon  found  that  the  mitochondria in  living lymphocytes 
surpass all the organisms examined in their affinity for Janus green. 
They  stain  intensely in  dilutions  of  1:100,000  and  may  even  be 
colored on the addition of one part of Janus green in half a  million 
of salt solution.  The actual dilution of Janus green in contact with 
the cells is considerably greater than is indicated in the table, for we 
must take into consideration its further dilution through admixture 
with the blood and the bacterial emulsion.  Viewed in a  test-tube a 
column of, for example, 1:300,000 Janus green about 1 cm. in diameter 
shows very little  color,  yet when it  is  applied  to  lymphocytes the 
contained mitochondria are able to concentrate it in their substance 
so that a mitochondrial rod having an area I by 0.2 g is plainly colored 
when observed under the oil L:~mersion lens with strong artificial light. 
It is safe to say that none of the bacteria examined are colored on 
the addition  of Janus  green in a  dilution of 1: 100,000.  Only two  m 
Streptococcus h6emolyticus and Bacterium pneumosintesmwere stained in 
a  concentration of less than 1:10,000.  The readings vary somewhat, 
depending upon  the  relative  volumes  of blood, bacterial  emulsion, 
and of Janus green.  But the study of living lymphocytes with their 
mitochondria intensely stained surrounded by organisms which have 
not  taken up  any of  the  dye leaves little  room  for  doubt  that  in 
this respect the reactions of mitochondria and bacteria are entirely 
different. 
For  a  direct  comparison  in  fixed  and  stained  preparations,  the 
pancreas of the rabbit was selected as a tissue in which mitochondria 
are well known, through many papers  I, 1,. 1~ aimed at a determination 
of  their  relation  to  zymogen formation.  The  same  organisms were 
suspended in saline solution and injected with a  hypodermic syringe 
into the substance of small pieces of this organ (about 3 ram. in diam- 
eter),  just  after its removal from the body.  Immediately thereafter 
the  fragments were fixed  and  stained in  a  variety  of ways.  Five 
rabbits  were  used.  The  pancreas  of  the  first  received  Bacillus 
proteus and Streptococcus  hcemolyticus  ; the second, Bacterium pneumo- 
sintes;  the third, Bacillus megatherium  and pneumococcus; the fourth, 
x4 Hoven, H., Anat. An~., 1910, xxxvii, 343. 
*5 Laguesse, E.. Bibliog. Anat., 1911, xii, 273. 526  MITOCHONDRIA  AND  BACTERIA 
~Bacillus tuberculosis  and  JBacterium pneumos{ntes;  and  the  fifth  was 
used  as  a  normal  control.  By  this  procedure  each  organism  was 
brought  into  immediate  contact  with  mitochondria-laden  cells with 
very little  traumatism  and  without  the possibility of either  of them 
being modified through a pathological process of adjustment. 
Ordinary fixatives in every-day use in cytology and in bacteriology 
were  employed,  as  follows:  10  per  cent  formalin;  Zenker's  fluid 
with  and  without  acetic  acid;  95  per  cent  alcohol;  Giemsa's  fluid 
(saturated  aqueous corrosive sublimate  2  parts  and  absolute alcohol 
1 part); Regaud's fluid  (3 per cent potassium bichromate 4 parts and 
commercial  formalin  1  part);  A.  O.  B.,  or  Bensley's  acetic-osrnic- 
bichromate mixture  (2.5 per cent potassium bichrornate  16 cc., 2 per 
cent osmic acid 4  cc., with  2  drops of acetic acid);  acetic-sublimate 
(saturated aqueous corrosive sublimate 25 cc. and acetic acid 1.25 cc.) ; 
and  Bouin's fluid  (saturated  aqueous picric  acid  15  cc.,  commercial 
formalin 5 cc., and acetic acid 1 cc.). 
All  the  tissues  with  the  exception  of  those  fixed  in  95  per cent 
alcohol  and  Bouin's  fluid were  treated  as  follows: fixed  over night; 
rinsed in water and passed to 50 per cent alcohol at 9 a.m.; 70 per cent 
alcohol at  10  a.m.;  95  per  cent alcohol at  11  a.m.;  absolute alcohol 
at  12  noon; half absolute alcohol and  xylol at  1 p.m.;  xylol  at  1.30 
p. m.; 60°C. paraffin at 2.30 p.m.; and embedded at 4 p.m. 
After fixation in 95 per cent alcohol tissues were passed to absolute 
alcohol  at  noon  and  carried  on  as  indicated,  while  after  Bouin's 
fluid  they were  passed to absolute  alcohol at  9  a.m.;  half  absolute 
alcohol and xylol at 10 a.m.; xylol at 10.30  a.m.; paraffin at 11 a.m.; 
and embedded at noon, or transferred to absolute alcohol at noon and 
embedded as indicated above. 
All sections were cut 4 ~ in thickness and were stained by Giemsa's 
method  (G),  with  iron-hematoxylin  (Fell),  and  with  fuchsin  and 
methyl green (F1ViG).  The results are given in Tables II to V. 
These tables show, from the number of negative signs, that the mito- 
chondria are in general less resistant than the bacteria.  For example, 
they are  invariably destroyed by treatment  in  this  manner  with  95 
per cent alcohol and  with Bouin's fluid.  They are occasionally and 
imperfectly preserved by fixation in Zenker's with and without acetic 
acid, in  10  per  cent  formalin,  in  sublimate-acetic, and  in  Giemsa's EDMUND  V.  COWDRY  AND  PETER  K.  OLITSKY 
TABLE  II. 
Mitochondria,  B.  proteus, and  Streptococcus hcemolyticus. 
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Tissue No. 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
Fixation. 
10 per cent formalin. 
Zenker's fluid less acetic. 
Giemm's fluid. 
95 per cent alcohol. 
Regaud's fluid. 
A.O.B. 
Zenker's fluid with acetic. 
Sublimate-acetic. 
Ahmann's fluid. 
Bou~I~s 
Stain. 
G 
Fell 
FMG 
G 
Fell 
FMG 
G 
FeH 
FMG 
G 
FeH 
FMG 
G 
Fell 
FMG 
G 
FeH 
FMG 
G 
Fell 
FMG 
G 
Fell 
FMG 
G 
FeH 
FMG 
G 
Fell 
FMG 
Mito- 
chondria. 
+ 
+ 
+ 
m 
m 
k 
+ 
+ 
m 
+ 
+ 
+ 
+ 
Tr. 
+ 
+ 
m 
m 
B  ~ro~ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Strepto- 
coccus 
~us.  h~moly- 
ti¢~.s. 
+  + 
+  + 
+  + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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TABLE  III, 
Mitochondria and  Bacterium pneumosintes. 
Tissue No. 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
Fixation. 
10 per cent formalin. 
Zenker's fluid less acetic. 
Giemsa's fluid. 
95 per cent alcohol. 
Regaud's fluid. 
A. O. B. 
Zenker's fluid with acetic. 
Sublimate-acetic. 
Altmann's fluid. 
Bouin's  " 
Stain, 
G 
Fell 
FMG 
G 
Fell 
FMG 
G 
Fell 
FMG 
G 
Fell 
FMG 
G 
FeH 
FMG 
G 
Fell 
FMG 
G 
Fell 
FMG 
G 
Fell 
FMG 
G 
Fell 
FMG 
G 
Fell 
FMG 
+ 
+ 
+ 
i 
Tr. 
m 
m 
+ 
+ 
m 
+ 
+ 
Tr. 
+ 
+ 
m 
m 
+ 
+ 
Mito-  Bac~rium 
chondria,  pneu~sintes. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
m 
+ 
+ 
+ 
+ 
+ 
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TABLE  IV. 
Mitockondria,  .B.  megallterium,  and  Pneumococcus. 
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Tissue  No. 
401 
399 
397 
403 
400 
395 
398 
402 
396 
404 
Fixation. 
10 per cent formalin. 
Zenker's fluid less acetic. 
Giemsa's fluid. 
95 per cent alcohol. 
Regaud's fluid. 
A. O. B. 
Zenker's fluid with acetic. 
Sublimate-acetic. 
Altmann's fluid. 
Bou~I~S 
Stain. 
J 
7ell 
FMG 
At 
?ell 
?MG 
J 
7elI 
?MG 
J 
?ell 
?MG 
J 
?ell 
?MG 
J 
?ell 
?MG 
J 
?ell 
~MG 
G 
Fell 
FMG 
G 
FeH 
FMG 
G 
FeH 
FMG 
Mite 
chond 
+ 
+ 
B 
Tr 
m 
+ 
+ 
m 
+ 
+ 
+ 
+ 
m 
+ 
+ 
m 
-  B.~ 
ia.  theri~ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
7~.  Pnenlllo- 
m.  COCCUs. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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TABLE  V. 
Mitockondria, B. tuberculosis,  and t~acterlum pneumosintes. 
~ssue No. 
412 
410 
408 
405 
411 
406 
409 
413 
407 
414 
Fixation. 
10 per cent formalin. 
Zenker's fluid less acetic. 
Giemsa's fluid. 
95 per cent alcohol. 
Regaud's fluid. 
A.O.B. 
Zenker's fluid with acetic. 
Sublimate-acetlc. 
Altmann's  fluid. 
Bou|n's 
Stain. 
G 
FeH 
FMG 
G 
FeH 
FMG 
G 
Fell 
FMG 
G 
FeH 
FMG 
G 
FeH 
FMG 
G 
FeH 
FMG 
G 
Fell 
FMG 
G 
Fell 
FMG 
G 
FeH 
FMG 
G 
Fell 
FMG 
[ito- 
ct  ,ndfia. 
+ 
+ 
rr. 
D 
m 
+ 
+ 
J 
+ 
+ 
N 
+ 
+ 
m 
+ 
+ 
B. tuber- 
culosis. 
+ 
+ 
+ 
+ 
+ 
++ 
+ 
Bacterium 
p~umo- 
~intes. 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
m 
+ 
+ 
+ 
+ 
+ 
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mixtures.  This persistence after fixation in Zenker's fluid with acetic 
acid and in sublimate-acetic is unusual and may be due to the rapidity 
of dehydration.  As one would expect, Regaud's fluid, A. O. B., and 
Altmann's fluid prbved to be the best preservatives for mitochondria. 
The bacteria,  on  the other hand, resist  the action of all  of the ten 
fluids.  In the preparations the distinction between the solubility of 
mitochondria  and  bacteria  is  often  very  sharp.  In  a  single  field 
bacteria may be seen in close contact with ceils completely deprived of 
mitochondria (by alcohol and Bouin's fluid)  although both bacteria 
and mitochondria have been subjected to precisely the same influences. 
There  is  also  a  pronounced  difference in  staining  reaction.  Al- 
though iron-hematoxylin and  fuchsin  and  methyl green  stain  both 
bacteria and mitochondria, Giemsa's stain, which is perhaps thebest 
adapted  for the demonstration of bacteria,  colors  the mitochondria 
little, if at all.  The failure of this so called nuclear dye to color mito- 
chondria specifically points  to  a  difference which we must  consider 
to be fundamental between rnitochondria and bacteria.  The staining 
of bacteria with basic dyes is  usually attributed  to  the presence in 
them  of  chromatin-like  materials  containing  iron.  Molisch,  ~6  par- 
ticularly,  has  made many  contributions  regarding  the  widespread 
occurrence  of  iron  in  bacteria.  But  Nicholson  17  has  applied  the 
Macallum  18 hematoxylin and hydrochloric acid test for iron to tissues 
known  to  contain  mitochondria  without  obtaining  any  trace  of 
coloration, which is  strong evidence of the absence of masked iron 
in mitochondria. 
In respect to their morphology also we feel that our preparations 
show  a  noticeable  difference  between  mitochondria  and  bacteria. 
While not denying that some types of bacteria exhibit a high degree of 
pleomorphlsm and that, in searching through the body, cells may be 
found in which the mltochondria are much more uniform in appearance 
than in the pancreas, we refer to the observations of Lewis and Lewis  ~g 
on  mitochondria  in  tissue  cultures.  These  investigators  followed 
is Molisch, H., Die Pflanze in ihren Beziehungen  zum Eisen, Jena, 1892. 
17 Nicholson, F. M., personal communication. 
is Macallum, A. B., Quart.  J. Micr. Sc., 1896, xxxviii, 175. 
19 Lewis, M. R., and Lewis, W. H., Am. J. Anat., 1914-15, xvii, 339. 532  MITOCHONDRL~.  AND  BACTERIA 
the changes in form of mitochondria in living cells and succeeded in 
demonstrating  a  plasticity  and  modifiability far  greater  than  that 
possessed by any organism with which we are familiar. 
DISCUSSION. 
From the foregoing experiments it appears that mitochondria show 
microchemical  and  tinctorial  properties  differing  from  those  of 
bacteria.  It seems pertinent, however, to give a definition of bacteria 
and to indicate the points on which definite information is required 
before the theories advanced by Altmann, Portier, and Wallin can be 
considered acceptable. 
According  to  Park  and  Williams:  2°  "The  properties  of  bacteria 
which  are  fairly  constant  under  uniform  conditions  and 
which have been more or less used in  systems of classification, are 
those  of  spore  and  capsule formation, motility  (flagella formation), 
reaction to staining reagents; relation to temperature, to oxygen and 
to other food material, and, finally, their relation to fermentation and 
disease."  To which we may add the property of forming smaller or 
larger  aggregates  (colonies),  the  individuals of which are, however, 
physiologically  independent  (Zinsser21),  and  the  development  of 
characteristic modes of growth on suitable artificial medina. 
It must be admitted in all these respects that a  great gulf remains 
between  mitochondria  and  bacteria.  In  respect  to  mitochondria 
definite spores and capsules have not been noted.  The mitochondrial 
blebs which Wallin suggests may be due to fixation bear in our judg- 
ment no resemblance to spores.  They often contain easily recogniz- 
able substances like neutral fat or starch (in plants) or a clear watery 
chromophobe fluid, and may clearly be seen in living acinus cells of 
the pancreas.  Motility due to flagellar action has not been observed, 
and certain differences in  staining reaction have been noted above. 
The temperature, oxygen, and food requirements of mitochondria can 
only  be  expressed  in  terms  of  the  requirements  necessary for  the 
vitality of the cell as a whole.  It seems unsafe to conclude, as Wallin 
20 Park, W. H., and Williams, A. W., Pathogenic micro6rganisms,  Philadelphia 
and New York, 7th edition, 1920, 24. 
21 Zinsser, H., A textbook of bacteriology, New York, 5th edition, 1922, 9. EDMUND  V.  COWDRY  AND  PETER  K.  OLITSKY  533 
has  done, that because  certain forms of bacteria cannot be demon- 
strated by staining after treatment with moist heat at 49°C.  for 30 
minutes  they  necessarily  resemble  mitochondria  which  are  also 
destroyed by  somewhat  similar  treatment,  because  many bacteria 
are much more resistant.  No mitochondria, on the other hand, are 
known to resist  a  temperature of over 50°C.  Neither is  there any 
parallelism  between mitochondria  and  bacteria  in  their  relation  to 
fermentation  and  to  disease.  In  fact,  their  tendency is  rather  to 
decrease than to increase in diseases of infectious nature.  Further- 
more,  there  is  no  reason  to  believe  that  mitochondria possess  the 
power  of  independent  and  characteristic  growth  apart  from  cells. 
Experiments in  this laboratory  =  on  the cultivation of kidney, brain, 
spleen, heart muscle ceils, and blood in a  variety of fluid and semi- 
solid media by aerobic and anaerobic methods have failed to reveal 
the multiplication of any forms at all suggestive of mitochondria. 
The suggestion that mltochondria are independent microorganisms 
rests in our judgment upon no other evidence than a slight similarity 
in form of substances of about the same size. 
CONCLUSION. 
A  direct  comparison  of mitochondria  and  bacteria  in  the  living 
condition,  as  well  as  in  permanent  preparations,  subjected  to  the 
same influences, and viewed side by side, reveals microchemical and 
tinctorial differences which can only be attributed to  a  fundamental 
dissimilarity in their chemical constitution. 
22 Reported in part by Olitsky (Olitsky, P. K., Y. Exp. Med., 1921, xxxiv, 525). 